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Muscle performance might be temporar- 
ily impaired by high-intensity exercise 
performed during a competition or 
training session. The attenuation in mus- 
cular strength may be transitory, lasting 
minutes, hours, or several days follow- 
ing training or competition (Barnett, 
2006). Longer-lasting impairment in mus- 
cle strength accompanied by a reduction 
in range of motion, an increase in muscle 
proteins in the blood, an inflammatory 
response, muscle swelling, and delayed 
onset muscle soreness is referred to as 
exercise induced muscle damage (EIMD) 
(Clarkson and Hubal, 2002; Barnett, 2006; 
Paulsen et al, 2012). 

Different modalities have been used 
to improve recovery from a damag- 
ing bout of exercise (Barnett, 2006). 
Among the most common treatment 
approaches used to reestablish muscu- 
lar function are active recovery, com- 
pression garments, massage, stretching, 
anti-inflammatory drugs, and cryother- 
apy (Cheung et al, 2003; Barnett, 2006; 
Bishop et al., 2008). A relatively novel 
modality of cryotherapy is whole-body 
cryotherapy (WBC), which consists of 
brief exposure (2-3 min) to extremely cold 
air (—100 to — 195°C) in a temperature- 
controlled chamber or cryocabin (Banfi 
et al, 2010; Hausswirth et al, 2011; 
Fonda and Sarabon, 2013). Sessions of 
partial-body cryotherapy (PBC), in which 
the head is not exposed to cold, has 
also been used as a similar modal- 
ity of WBC (Hausswirth et al, 2013). 
According to Hausswirth et al. (2013), 



WBC and PBC session decreased skin 
temperature, however, WBC induced a 
greater decrease compared to PBC. In 
addition, the tympanic temperature was 
reduced only after the WBC session. 
Moreover, parasympathetic tone stimu- 
lation was greater following the WBC 
session. Although WBC has been used 
since the end of the 1970s in the treat- 
ment of rheumatic diseases (Ksiezopolska- 
Pietrzak, 2000; Metzger et al, 2000; 
Rymaszewska et al., 2003), it has only 
recently been used with the purpose of 
hastening recovery from muscle damage 
by decreasing the inflammatory process 
linked to EIMD (Banfi et al, 2010). A 
logic model proposed by Costello et al. 
(2013) consisted of the physiological, 
neuromuscular, and perceptual effects fol- 
lowing exposure to WBC which may inter- 
act to increase performance. However, a 
mechanistic model for how WBC may 
improve symptoms related to EIMD has 
to this point not been provided (Costello 
et al, 2013). Thus, the purpose of this 
manuscript was to briefly address a possi- 
ble mechanism related to improved recov- 
ery from muscle damage by WBC. 

MUSCLE DAMAGE INDUCED BY 
EXERCISE 

The "popping-sarcomere" hypothesis, first 
proposed by Morgan in (1990), pro- 
vided an explanation for the muscle 
damage response following a series of 
eccentric contractions. Since then, this 
"popping-sarcomere" hypothesis has gar- 
nered support from several other authors 



(Clarkson and Hubal, 2002; Peake et al., 
2005; Paulsen et al., 2012). It's hypoth- 
esized that during an eccentric contrac- 
tion, myofibrils within a muscle fiber are 
stretched and those weaker sarcomeres 
absorb most of the stretch. Following sev- 
eral eccentric contractions, the myofila- 
ments of overstretched weaker sarcomeres 
fail to reconnect because they are dis- 
rupted. This disruption may extend to 
other sarcomeres, resulting in cell mem- 
brane and sarcoplasmic reticulum dam- 
age. This process appears responsible for 
the symptoms associated with EIMD, such 
as the prolonged loss in muscle strength, 
delayed-onset muscle soreness, increase 
of muscle protein in blood circulation, 
intracellular calcium release and onset of 
the inflammatory response (Clarkson and 
Hubal, 2002; Peake et al, 2005; Paulsen 
etal., 2012). 

Immediately after sarcomeres are 
disrupted, leukocytes are mobilized to 
the injured tissue via soluble intercel- 
lular adhesion molecule 1 (sICAM-1). 
Thereafter, pro-inflammatory cytokines 
and reactive oxygen species are produced 
in muscle by neutrophils, lymphocytes, 
and monocytes (Clarkson and Hubal, 
2002; Peake et al, 2005; Paulsen et al, 

2012) . Additionally, macrophages pro- 
duced by monocytes and neutrophils 
phagocytize damaged myofibers and mus- 
cle debris (Peake et al., 2005; Saclier et al., 

2013) . Together (Figure 1), leukocytes, 
pro-inflammatory cytokines, and reac- 
tive oxygen species cause intramuscular 
degradation, which amplifies the initial 
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FIGURE 1 | Diagram illustrating the acute inflammatory process 
caused by exercise induced muscle damage (EIMD). Leukocytes 
(neutrophils, monocytes, and lymphocytes) are mobilized to the 
damaged muscle tissue via soluble intercellular adhesion molecule 1 
(slCAM-1). Afterward, pro-inflammatory cytokines and reactive oxygen 



species are produced in muscle by leukocytes. Together, leukocytes, 
pro-inflammatory cytokines, and reactive oxygen species cause 
intramuscular degradation, which amplifies the initial muscle damage. 
CK, creatine kinase; LDH, lactate dehydrogenase; ROS, reactive 
oxygen species. 



muscle damage (Clarkson and Hubal, 
2002; Peake et al, 2005; Paulsen et al, 
2012). This can be observed by an increase 
in muscle proteins in systemic circula- 
tion 24-48 h following the initial bout of 
exercise. Additionally, the magnitude of 
the secondary muscle damage response 
may depend upon the balance between 
pro- and anti-inflammatory cytokines 
(Clarkson and Hubal, 2002). 

PREVIOUSLY REPORTED 
MECHANISMS TO WBC IMPROVES 
MUSCLE DAMAGE RECOVERY 

To the best of our knowledge, four stud- 
ies have evaluated the effects of WBC 
on the recovery from muscle dam- 
age (Hausswirth et al, 2011; Pournot 
et al, 2011; Fonda and Sarabon, 2013). 
Hausswirth et al. (2011) suggested that 
three sessions of WBC (3min at — 110°C) 
after EIMD in well-trained runners 
improved muscle strength, perceived sen- 
sation, and also decreased muscle pain. 
Additionally, five WBC exposures (3 min 
at -140 to -190°C) may improve the 
recovery of peak torque, rate of torque 
development, squat jump start power, and 
decreased muscle soreness after damaging 
exercise for the hamstrings (Fonda and 
Sarabon, 2013). Further, Pournot et al. 
(2011) found that three sessions of WBC 



(3 min at -110°C) following EIMD was 
effective in reducing the inflammatory 
response. 

It is acknowledged that many of these 
reported effects of WBC on recovery 
from severe exercise are small (Bleakley 
et al., 2014). However, it is also acknowl- 
edged that those studies (Hausswirth 
et al, 2011; Pournot et al, 2011; Fonda 
and Sarabon, 2013) have been collected 
using a cross-over design and could have 
been influenced by the repeated bout 
effect. Preliminary data from our labo- 
ratory showed that a single WBC ses- 
sion performed immediately after EIMD 
relieved pain, prevented muscle swelling, 
and resulted in quicker recovery of muscle 
strength 72 h after EIMD. In contrast, the 
control group did not recover from muscle 
swelling and pain until 24 and 96 h fol- 
lowing EIMD, respectively. Further, mus- 
cle strength in the control group was still 
depressed from baseline 96 h post exer- 
cise. In apparent contrast to our find- 
ings, Costello et al. (2012a) reported that 
one session of WBC (20 s at — 60°C and 
3 min at - 1 10°C) applied 24 h after EIMD 
in healthy subjects did not hasten mus- 
cle strength nor decrease muscle sore- 
ness. However, the acute inflammatory 
process is triggered immediately following 
EIMD. Thus, it stands to reason that WBC 



applied 24 h after exercise may be too late 
to have a beneficial physiologic response. 
Therefore, WBC may decrease symptoms 
related to EIMD produced by mechanical 
stress if applied immediately after exercise 
(Hausswirth et al., 2011; Pournot et al., 
201 1; Fonda and Sarabon, 2013). 

The aforementioned studies 
(Hausswirth et al., 2011; Pournot et al., 
2011; Costello et al, 2012a; Fonda and 
Sarabon, 2013) were conducted with the 
assumption that WBC could accelerate the 
recovery from muscle damage by decreas- 
ing the inflammatory process. However, 
the mechanism behind this effect is largely 
unknown. Stanek et al. (2010) suggested 
that the anti-inflammatory effects of WBC 
may be linked to lysosomal membrane 
stabilization with a consequent inhibition 
of active enzymes released. Wozniak et al. 
(2007) showed a decrease in lysosomal 
enzyme activity: 32% in acid phosphatase 
and 46% in arylsulphatase after 6 days 
of WBC, but they were not altered after 
one session of WBC. Similarly, a single 
session of WBC did not cause a stabi- 
lization of lysosomal enzymes (Wozniak 
et al., 2007). Thus, considering the results 
of these studies (Dugue et al., 2005; 
Wozniak et al., 2007; Lubkowska et al., 
2009), the hypothesis that lysosomal 
membrane stabilization is responsible 
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for the anti- inflammatory effect of WBC 
might make sense after chronic expo- 
sure to WBC but not following an acute 
session. 

WBC IMPROVES MUSCLE DAMAGE 
RECOVERY BY REDUCING slCAM-1? 

We hypothesize that the thermoregula- 
tory response to WBC may hasten the 
recovery from EIMD by reducing serum 
sICAM-1. The first step of this thesis is 
dependent upon the drop in core tem- 
perature, which would likely cause con- 
striction of local arterioles and venules. 
In support of this, WBC exposure has 
been observed to result in a decrease in 
muscle and core temperature (Westerlund 
et al, 2003; Costello et al., 2012b). Costello 
et al. (2012b) observed a reduction of 

0. 3° C in rectal temperature 60min after 
WBC and a similar decrease of 0.24° C was 
observed 20min after WBC (Westerlund 
et al, 2003). It also has been reported that 
vastus lateralis temperature decreases 1.6 
± 0.6° C after WBC session (Costello et al, 
2012b). 

The next phase in this proposed 
mechanism is blocking the migration of 
leukocytes (neutrophils, lymphocytes, 
and monocytes) from blood circulation 
to the damaged tissue. It is known that 
leukocytes initiate the acute inflammatory 
process following EIMD (Clarkson and 
Hubal, 2002; Peake et al., 2005; Paulsen 
et al., 2012; Saclier et al, 2013). According 
to our hypothesis, the thermoregulatory 
response to WBC hastens the recovery 
from EIMD by reducing serum sICAM- 

1. Consequently, fewer neutrophils and 
lymphocytes would transmigrate into 
muscle tissue resulting in a decreased pro- 
inflammatory response (i.e., interleukin 
[IL]-2, IL-6, IL-8, IL-lp\ prostaglandin 
[PGE]-2, and C-reactive protein), reactive 
oxygen species and an increased anti- 
inflammatory response (i.e., IL-10 and 
IL-lra). The results reported by Pournot 
et al. (2011) and Mila-Kierzenkowska 
et al. (2013) corroborate this hypothe- 
sis. Pournot et al. (2011) observed an 
increase in IL-lra and a decrease in IL- 
lf5 and C-reactive protein after the first 
session of WBC performed immediately 
following EIMD in well-trained runners. 
In addition, Mila-Kierzenkowska et al. 
(2013) found that a single session of WBC 
prior to 40 min of submaximal exercise 



decreased the level of IL-6, IL-lp\ superox- 
ide dismutase, and catalase activity when 
compared to exercise completed in the 
absence of WBC. 

Further, it has been found that five ses- 
sions of WBC (30 s at 60°C and 2 min 
at — 110°C) in athletes decreased adhe- 
sion molecule sICAM-I, blood concentra- 
tions of muscular enzymes (creatine kinase 
and lactate dehydrogenase), and the pro- 
inflammatory response (prostaglandin E2, 
interleukin IL-2, and IL-8) to 5 days 
of high intensity training (Banfi et al., 
2009). In addition, the anti-inflammatory 
cytokine IL-10 was increased (Banfi et al., 
2009). Nevertheless, these data should 
be interpreted with some degree of cau- 
tion since this study did not evaluate a 
control group, and it evaluated chronic 
effect of WBC. Most studies investigat- 
ing WBC and the inflammatory/ oxidative 
response to exercise evaluated its effect fol- 
lowing multiple sessions of WBC (Dugue 
et al., 2005; Wozniak et al., 2007, 2013; 
Leppaluoto et al, 2008; Banfi et al., 2009, 
2010; Lubkowska et al, 2009, 2010, 2011, 
2012; Mila-Kierzenkowska et al., 2009; 
Miller et al, 2012; Ziemann et al, 2012, 
2013). Future research should investigate 
this further to determine if one application 
of WBC can in fact decrease sICAM-1. 
Nevertheless it stands to reason that WBC 
may attenuate symptoms of EMID by 
decreasing sICAM-1, subsequently reduc- 
ing the migration of leukocytes into the 
damaged tissue. 

CONCLUSION 

We wish to suggest that the attenuation 
in serum sICAM-1 caused by WBC expo- 
sure immediately following EIMD may be 
responsible for the decreased acute inflam- 
matory response to muscle damage. In 
addition, repeated bouts of WBC may also 
further reduce the secondary inflamma- 
tion occurring days after the damaging 
bout of exercise. However, the mechanisms 
in which the thermoregulatory effects of 
WBC exposure lead to a reduction in 
sICAM-1 remain unknown. Thus, further 
studies on this topic are necessary in order 
to better understand the thermoregulatory 
effects of WBC on muscle inflammatory 
process caused by EIMD. Future research 
could investigate this hypothesis assess- 
ing sICAM-1, oxidative stress, neutrophils, 
lymphocytes, monocytes, and cytokines 



cells following WBC applied immediately 
after EIMD. In addition, future work could 
investigate the effects of repeated WBC 
on long term muscle adaptation. Although 
potentially beneficial in the short term, it is 
unknown if suppressing the acute inflam- 
matory response may negatively affect the 
muscles ability to adapt to exercise. 

ACKNOWLEDGMENT 

This study was partially supported by 
CAPES-Brazil. 

REFERENCES 

Banfi, G., Lombardi, G., Colombini, A., and Melegati, 
G. (2010). Whole-body cryotherapy in athletes. 
Sports Med. 40, 509-517. doi: 10.2165/11531940- 
000000000-00000 

Banfi, G., Melegati, G., Barassi, A., Dogliotti, G., 
d'Eril, G. M., Dugue, B., et al. (2009). Effects 
of whole-body cryotherapy on serum media- 
tors of inflammation and serum muscle enzymes 
in athletes. /. Therm. Biol. 34, 55-59. doi: 
10.1016/j.jtherbio.2008.10.003 

Barnett, A. (2006). Using recovery modalities between 
training sessions in elite athletes - does it help? 
Sports Med. 36, 781-796. doi: 10.2165/00007256- 
200636090-00005 

Bishop, P. A., Jones, E., and Woods, A. K. 
(2008). Recovery from training: a brief review. 
/. Strength Cond. Res. 22, 1015-1024. doi: 
10.1519/JSC.0b013e31816eb518 

Bleakley, C. M., Bieuzen, F., Davison, G. W., and 
Costello, J. T. (2014). Whole-body cryother- 
apy: empirical evidence and theoretical perspec- 
tives. Open Access J. Sports Med. 5, 25-36. doi: 
10.2147/OAJSM.S41655 

Cheung, K., Hume, P. A., and Maxwell, L. (2003). 
Delayed onset muscle soreness - treatment 
strategies and performance factors. Sports Med. 
33, 145-164. doi: 10.2165/00007256-20033302 
0-00005 

Clarkson, P. M., and Hubal, M. J. (2002). Exercise- 
induced muscle damage in humans. Am. J. Phys. 
Med. Rehabil. 81, S52-S69. doi: 10.1097/00002060- 
200211001-00007 

Costello, J. T., Algar, L. A., and Donnelly, A. E. 
(2012a). Effects of whole-body cryotherapy (-110 
degree C) on proprioception and indices of mus- 
cle damage. Scand. J. Med. Sci. Sports 22, 190-198. 
doi: 10.1 1 1 1/j. 1600-0838.201 1.01292.x 

Costello, J. T., Baker, P. R. A., Minett, G. M., Bieuzen, 
E, Stewart, I. B., and Bleakley, C. (2013). Whole- 
body cryotherapy (extreme cold air exposure) 
for preventing and treating muscle soreness after 
exercise in adults. Cochrane Database Syst. Rev. 
10:CD010789. doi: 10.1002/14651858.CD010789 

Costello, J. T., Culligan, K., Selfe, J., and Donnelly, 
A. E. (2012b). Muscle, skin and core temperature 
after -110 degrees C cold air and 8 degrees C water 
treatment. PLoS ONE 7:e48190. doi: 10.1371/jour- 
nal.pone.0048 190 

Dugue, B., Smolander, J., Westerlund, T., Oksa, 
J., Nieminen, R., Moilanen, E., et al. (2005). 
Acute and long-term effects of winter swim- 
ming and whole-body cryotherapy on plasma 



www.frontiersin.org 



July 2014 | Volume 5 | Article 247 | 3 



Ferreira-Junior et al. 



Whole-body cryotherapy 



antioxidative capacity in healthy women. 
Scand. J. Clin. Lab. Invest. 65, 395-402. doi: 
10. 1080/003655 105 10025728 

Fonda, B., and Sarabon, N. (2013). Effects of 
whole-body cryotherapy on recovery after ham- 
string damaging exercise: a crossover study. 
Scand. J. Med. Sri. Sports 23, E270-E278. doi: 
10.1111/sms.l2074 

Hausswirth, C, Louis, J., Bieuzen, R, Pournot, H., 
Fournier, J., Filliard, J. R., et al. (2011). Effects of 
whole-body cryotherapy vs. far-infrared vs. pas- 
sive modalities on recovery from exercise-induced 
muscle damage in highly-trained runners. PLoS 
ONE 6:e27749. doi: 10.1371/journal.pone.0027749 

Hausswirth, C, Schaal, K., Le Meur, Y., Bieuzen, 
R, Filliard, J. R., Volondat, M., et al. (2013). 
Parasympathetic activity and blood cat- 
echolamine responses following a single 
partial-body cryostimulation and a whole- 
body cryostimulation. PLoS ONE 8:e72658. doi: 
1 0. 1 37 l/journal.pone.0072658 

Ksiezopolska-Pietrzak, K. (2000). Cryotherapy in the 
treatment of rheumatic disease. Ortop. Traumatol 
Rehabil. 2, 66-69. 

Leppaluoto, J., Westerlund, T., Huttunen, P., Oksa, J., 
Smolander, )., Dugue, B., et al. (2008). Effects of 
long-term whole-body cold exposures on plasma 
concentrations of ACTH, beta-endorphin, Cor- 
tisol, catecholamines and cytokines in healthy 
females. Scand. J. Clin. Lab. Invest. 68, 145-153. 
doi: 10.1080/00365510701516350 

Lubkowska, A., Banfi, G., Dolegowska, B., d'Eril, 
G. V. M., Luczak, J., and Barassi, A. (2010). 
Changes in lipid profile in response to three 
different protocols of whole-body cryostimu- 
lation treatments. Cryobiology 61, 22-26. doi: 
10.1016/j.cryobiol.2010.03.010 

Lubkowska, A., Dolegowska, B., and Szygula, Z. 
(2012). Whole-body cryostimulation - potential 
beneficial treatment for improving antioxidant 
capacity in healthy men - significance of the 
number of sessions. PLoS ONE 7:e46352. doi: 
10.1371/journal.pone.0046352 

Lubkowska, A., Dolegowska, B., Szygula, Z., and 
Klimek, A. (2009). Activity of selected enzymes in 
erythrocytes and level of plasma antioxidants in 
response to single whole-body cryostimulation in 
humans. Scand. J. Clin. Lab. Invest. 69, 387-394. 
doi: 10.1080/00365510802699246 

Lubkowska, A., Szygula, Z., Chlubek, D., and Banfi, 
G. (2011). The effect of prolonged whole- 
body cryostimulation treatment with different 
amounts of sessions on chosen pro- and anti- 
inflammatory cytokines levels in healthy men. 
Scand. J. Clin. Lab. Invest. 71, 419-425. doi: 
10.3109/00365513.2011.580859 



Metzger, D., Zwingmann, C, Protz, W., and Jackel, 
W. H. (2000). Whole-body cryotherapy in reha- 
bilitation of patients with rheumatoid diseases- 
pilot study. Rehabilitation (Stuttg.) 39, 93-100. doi: 
10.1055/S-2000-14442 

Mila-Kierzenkowska, C, Jurecka, A., Wozniak, A., 
Szpinda, M., Augustynska, B., and Wozniak, B. 
(2013). The effect of submaximal exercise pre- 
ceded by single whole-body cryotherapy on the 
markers of oxidative stress and inflammation in 
blood of volleyball players. Oxid. Med. Cell. Longev. 
2013:409567. doi: 10.1155/2013/409567 

Mila-Kierzenkowska, C, Wozniak, A., Wozniak, B., 
Drewa, G., Rakowski, A, Jurecka, A., et al. (2009). 
Whole-body cryostimulation in kayaker women: a 
study of the effect of cryogenic temperatures on 
oxidative stress after the exercise. /. Sports Med. 
Phys. Fitness 49, 201-207. 

Miller, E., Markiewicz, L., Saluk, J., and Majsterek, 

I. (2012). Effect of short-term cryostimulation on 
antioxidative status and its clinical applications in 
humans. Eur. J. Appl. Physiol. 1 12, 1645-1652. doi: 
10.1007/s00421-011-2122-x 

Morgan, D. L. (1990). New insights into the behavior 
of muscle during active lengthening. Biophys. J. 57, 
209-221. doi: 10.1016/S0006-3495(90)82524-8 

Paulsen, G., Mikkelsen, U. R., Raastad, T, and Peake, 
J. M. (2012). Leucocytes, cytokines and satellite 
cells: what role do they play in muscle damage and 
regeneration following eccentric exercise? Exerc. 
Immunol. Rev. 18, 42-97. 

Peake, J., Nosaka, K., and Suzuki, K. (2005). 
Characterization of inflammatory responses to 
eccentric exercise in humans. Exerc. Immunol. Rev. 

II, 64-85. 

Pournot, H., Bieuzen, R, Louis, J., Fillard, J. R., 
Barbiche, E., and Hausswirth, C. (2011). Time- 
course of changes in inflammatory response after 
whole-body cryotherapy multi exposures follow- 
ing severe exercise. PLoS ONE 6:e22748. doi: 
10.1 37 l/journal.pone.0022748 

Rymaszewska, J., Tulczynski, A., Zagrobelny, Z., 
Kiejna, A., and Hadrys, T. (2003). Influence of 
whole body cryotherapy on depressive symp- 
toms - preliminary report. Acta Neuropsychiatr. 15, 
122-128. doi: 10.1034/j.l601-5215.2003.00023.x 

Saclier, M., Cuvellier, S., Magnan, M., Mounier, R., 
and Chazaud, B. (2013). Monocyte/macrophage 
interactions with myogenic precursor cells dur- 
ing skeletal muscle regeneration. FEES J. 280, 
4118-4130. doi: 10.1111/febs.l2166 

Stanek, A., Cieslar, G., Strzelczyk, J., Kasperczyk, S., 
Sieron-Stoltny, K., Wiczkowski, A., et al. (2010). 
Influence of cryogenic temperatures on inflamma- 
tory markers in patients with ankylosing spondyli- 
tis. Pol. J. Environ. Stud. 19, 167-175. 



Westerlund, T, Oksa, J., Smolander, J., and 
Mikkelsson, M. (2003). Thermal responses 
during and after whole-body cryother- 
apy (-110 degrees C). /. Therm. Biol 
28, 601-608. doi: 10.1016/j.jtherbio.2003. 
08.006 

Wozniak, A., Mila-Kierzenkowska, C, Szpinda, M., 
Chwalbinska-Moneta, J., Augustynska, B., and 
Jurecka, A. (2013). Whole-body cryostimula- 
tion and oxidative stress in rowers: the prelim- 
inary results. Arch. Med. Sri. 9, 303-308. doi: 
10.5114/aoms.2012.30835 

Wozniak, A., Wozniak, B., Drewa, G., Mila- 
Kierzenkowska, C, and Rakowski, A. (2007). 
The effect of whole-body cryostimulation on 
lysosomal enzyme activity in kayakers during 
training. Eur. J. Appl. Physiol. 100, 137-142. doi: 
10.1007/s00421-007-0404-0 

Ziemann, E., Olek, R. A., Grzywacz, T., Antosiewicz, J., 
Kujach, S., Luszczyk, M., et al. (2013). Whole-body 
cryostimulation as an effective method of reducing 
low-grade inflammation in obese men. /. Physiol 
Sri. 63, 333-343. doi: 10.1007/sl2576-013- 
0269-4 

Ziemann, E., Olek, R. A., Kujach, S., Grzywacz, 
T., Antosiewicz, J., Garsztka, T, et al. (2012). 
Five-day whole-body cryostimulation, blood 
inflammatory markers, and performance in 
high-ranking professional tennis players. /. Athl. 
Train. 47, 664-672. doi: 10.4085/1062-6050- 
47.6.13 

Conflict of Interest Statement: The authors declare 
that the research was conducted in the absence of any 
commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Received: 14 May 2014; accepted: 13 June 2014; 
published online: 02 July 2014. 

Citation: Ferreira-Junior JB, Bottaro M, Loenneke JP, 
Vieira A, Vieira CA and Bemben MG (2014) Could 
whole-body cryotherapy (below —100°C) improve mus- 
cle recovery from muscle damage? Front. Physiol 5:247. 
doi: 10.3389/fphys.2014.00247 

This article was submitted to Striated Muscle Physiology, 
a section of the journal Frontiers in Physiology. 
Copyright © 2014 Ferreira-Junior, Bottaro, Loenneke, 
Vieira, Vieira and Bemben. This is an open-access arti- 
cle distributed under the terms of the Creative Commons 
Attribution License (CC BY). The use, distribution or 
reproduction in other forums is permitted, provided the 
original author(s) or licensor are credited and that the 
original publication in this journal is cited, in accor- 
dance with accepted academic practice. No use, distribu- 
tion or reproduction is permitted which does not comply 
with these terms. 



Frontiers in Physiology | Striated Muscle Physiology 



July 2014 | Volume 5 | Article 247 | 4 



